Neoplastic involvement of the leptomeningeal membranes may occur as a metastatic process originating from a distant primary tumor. The most common meningeal tumor is acute lymphocytic leukemia. Meningeal metastases occur in a number of other malignancies: breast, lung, pancreas, stomach and prostate cancer, melanoma, and lymphoma (Posner 1971; Olson et al. 1974 ). However, meningeal carcinomatosis has been described infrequently in association with carcinoma of the colon (Arora 1973; Fisher and Weiss 1979; Kim et al. 1980 ; Smith et al. 1984) . A recent article has found that contrast-enhanced magnetic resonance imaging (MRI) was more sensitive than contrast-enhanced computed tomography (CT) for the detection of meningeal carcinomatosis (Sze et al. 1989) .
We report here the rare case of meningeal carcinomatosis in a patient with colon cancer who was diagnosed by cytology and gadolinium-enhanced MRI.
CASE REPORT
A 55-year-old man was admitted to Saga Medical School Hospital on March 27, 1992, complaining of a headache, nausea, and vomiting for 4 days. Four months prior to this admission, he underwent a resection of adenocarcinoma of the descending colon. Extensive nodal involvement was found, and the tumor could not be completely excised. No liver metastases were seen at the time of laparotomy. Chemotherapy was not administered.
At this admission, his body temperature was 36.3°C, and he had a blood pressure of 154/70 mmHg with a pluse rate of 60 beats/min. He was fully conscious and oriented. A neurological examination revealed no neck stiffness and no focal neurological sign. Papilledema was not present. A surgical scar was noted in his abdomen. There was no regional lymphadenopathy.
The rectal examination was negative for blood. The rest of his physical examination was noncontributory.
His initial laboratory findings included the white blood cell count of 5,300/ u 1 with a normal differential, the erythrocyte count of 425 x 104/,u 1, the hemoglobin concentration of 11.5 g/100 ml, the hematocrit of 35.6%, the platelet count of 34.5 x 104/1c l; the serum glutamic oxaloacetic transaminase value of 16 IU/liter protein concentration of 34 mg/ 100 ml, and the glucose concentration of 55 mg/ 100 ml (with the peripheral glucose level of 123 mg/100 ml). The CSF sample contained no red cells, 34 lymphocytes, and 108 abnormal cells per mm3. These abnormal cells had large, ovoid nuclei with prominent nucleoli and intracytoplasmic mucin, and formed clusters (Fig. 1) . These cells were thought to be consistent with an adenocarcinoma of gastrointestinal origin. The carcinoembryonic antigen (CEA) level in CSF was 10.2 ng/ml while the plasma CEA level 15.9 ng/ ml (normal, less than 5 ng/ml). CSF cultures were negative. A gadoliniumenhanced MRI demonstrated enhancement of the dura of cerebral hemisphere (Fig. 2a ) and the cortical sulci (Fig. 2b) . Multiple enhancing nodular lesions (less than 10 mm in diameter) were noted in the cerebellar hemispheres and vermis cerebelli (Fig. 2c) . The patient was treated with intrathecal methotrexate (15 mg), cytosine arabinoside (40 mg), and prednisolone (20 mg), followed by whole brain radiation (100 cGy/day). His headache and nausea improved transiently, but he lapsed into a coma and died 5 days after beginning of radiation treatments. The post-mortem was not obtained.
DISCUSSION
Colorectal carcinoma rarely metastasize to the central nervous system (CNS), and metastatic involvement of the leptomeninges is an even more uncommon event. A review of the literature (MEDLINE; National Library of Medicine, Bethesda, MD, USA) yielded only four reported cases of meningeal carcinomatosis secondary to colorectal carcinoma (Arora 1973; Fisher and Weiss 1979; Kim et al. 1980; Smith et al. 1984) . Examination of the CSF is of the utmost importance in making the diagnosis of meningeal carcinomatosis (Glass et al. 1979 ). The CT may be helpful in the diagnosis of this disease but is sometimes falsely negative (Theodore and Gendelman 1981; Wasserstrom et al. 1982 ). In our case, an enhanced CT of the brain was negative while the CSF cytology was positive. Recently, MRI is becoming an acceptable alternative imaging modality for the detection, characterization, and follow-up of numerous disease in the CNS. However, unenhanced MRI should not replace CT as the initial diagnostic evaluation for the leptomeningel progression of a tumor, since it may also be falsely negative if it is used without enhancement (Davis et al. 1987; Krol et al. 1988 ). On the other hand, a recent article has indicated the value of gadolinium enhanced MRI in the diagnosis of intraspinal metastasis (Fredericks et al. 1989; Parizel et al. 1989 ), bacterial meningitis (Mathews et al. 1988; Chang et al. 1990 ), and meningeal carcinomatosis (Sze et al. 1989; Rodesch et al. 1990 ). The enhanced MRI is more sensitive than contrast-enhanced CT in the examination of meningeal disease because gadolinium may be more sensitive in delineating blood-brain barrier abnormalities than iodinated contrast (Mathews et al. 1988 ). This advantage is especially beneficial in areas adjacent to cortical bone where contrast enhancement on CT may be obscured (Mathews et al. 1988 ). The abnormal findings of meningeal carcinomatosis detected by gadolinium-enhanced MRI include sharp contrast uptake in the leptomeningeal areas and nodular deposits (Sze et al. 1989; Rodesch et al. 1990 ). In this case, a gadolinium-enhanced MRI of the brain showed enhancing dura and nodular lesions which were not detected by CT.
The current treatment of this disease includes intrathecal chemotherapy and CNS irradiation (Seeldrayers and Hildebrand 1984) . In advanced stages of carcinomatosis, an assessment of the effectiveness of treatment by serial lumbar punctures may be difficult to perform because of the presence of intracranial hypertension. In such cases, enhanced MRI might provide a useful method for evaluating the efficacy of treatment.
In summary, we have reported the rare case of meningeal carcinomatosis in colon cancer patient who had significant findings on an enhanced MRI of the brain. Any patient with known colorectal carcinoma who develops neurological symptoms in the presence of a normal CT of the brain should be evaluated carefully for meningeal carcinomatosis.
In addition to an examination of the CSF cytology and chemistries, a gadolinium-enhanced MRI may serve as an indicator of leptomeningel involvement.
